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MONO-DIAMETER WELLBORE CASING 
Cross R^ersnra To RslatBd Appll»tions 
This appliratlon is a oontiniuatim-irhpart of U.S. utility applkatfon senal number 
09/454,139, attomey docket rtumtor 25791.3.02, filed on 1^899, ysMth daimed the 
5 bsrtsfit of Itha illng date cS U.S. pJtMsioner patent applicaticn serial nun&ar 

60/1 11,293. attorney doctot number 25791.3, filed on 12/7/1998. the disclosures of 
v^fhlch are IncofpcTatGd hertain by referenoa. 

This application is reteited to the fbSMng: (1) U.S. patent appiliratlon serial no. 
09/454.139, attorney doc&et m. 25791.03.02. filed on 12/3/1999, (2) U.S. patent 

10 applkaition serial no. 09^10.913. attorney dock^ no. 25791.7.02, tflled on 2/23/2000, 
(3) U.S; patent appli^tion serial no. 09/502,350. attorney docket no. 25791 .8.02, filed 
on 2/10/2000, (4) U.S. patent application serial no. (»/440.338, attorney ctocket no. 
25791 .9.02, filed on 1 1/15/1 999, (5) U.S. patent applirarticn serial no. 09/523.480. 
attorney docket no. 25791 .1 1 .02. filed on 3/10/2000, (6) U.S. patent applicatCon serial 

15 no. 69/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. patent 
appltestton serial no. 09i61 1 ,941 , attorney docket no. 25791 .16.02« filed on 2/24/2000, 
(8) U.S. patent appliration sertel no. 09/588,946, attorney docket no. 25791.17.02, filed 
on 6/7/2000. (9) U.S. patent appOcaUon serial no. 09/559,122, attorrts^ docket no. 
25791.23.02, filed on 4/28/2000, (10) PCT patent application serial no. 

20 PCT/USOO/18635. attorney diockelt no. 25791.25.02, filed on 7/9/20Q0. (11) U.S. 

provlstonal patent applicatk)n serfeil no. 60/162,671, attorney docket no. 25791 .27. filed 
on 11/1/19^, (12) U.S. pTOvtelonal patent application serial no. 60/154,047, attorney 
docket no. 25791.29, filed on 9/16/1^, (13) U.S. provisional patent application serial 
no. 60/159.082. attomsy docket no. 25791.34, filed on 10^12/1999, (14) U.S. 

25 provisional patent application serial no. 60/159,039, attorr^y docket no. 25791.36, filed 
on 10/12/1999, (15) U.S. provistonal patent applicsitlcm serial no. 60/159,033, attorney 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent app!lication serial 
no. 60/212,359, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional 
patent application serial no. 60/165.228, attomey docket no. 25791 .39, filed on 

30 1 1/12/1999. (18) U.S. provisional patent appiicsition serial no. 60/221 ,443, attorney 
docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisionall patQnt application serial 
no. 60/221 ,645. attorney docket no. 25791.46, fit^ on 7/28/2000, (20) U.S. provistonal 
patent appllcatkin serial no. 60/233,638, attorney docket no. 257^1 .47, filed on 
9/18/2000. (21) U.S. pTDViskinal patent appiicatton serial no. 60/237,334. attorney 

35 docketm 25791 .48, fDed m 10/2/2000, and (22) U.S. povbtonal patent application 



serial no. 60/262.434. attorney docket no. 25791.51. fBed on 1/17/2001. the disclosures 
of which are incorporated herein by reference. 

Background of the Invention 

This Invention relates generally to welltx>re casings, and In particular to \ivellbore 
casings that are fomned using expandable tubing. 

Conventfonally. when a weUbore is created, a number of casings are installed In 
the ixxBhole to prevent coliapse of the borehole wan and to prevent undesired outflow 
of drilling fluid into the fbnnation or inflow of fluW from the fbnnatton Into the borehole. 
The borehole is drilled In intervals whereby a casing which is to be Installed in a lower 
borehole inteivaf is towered through a prevtously installed casing of an upper borehole 
lnten«l. As a consequence of this procedure the casing of the tower Interval is of 
smaller diameter than the casing of the upper intenal. Hius, the casings are in a 

nested anangement with casing diameters decreasing in downward ditedion. Cement 
annul! are provided between the outer surfaces of the casings and.the borehole wall to 
seal the casings from the borehole wall. As a consequence of this nested arrangement 
a relatively large borehote diameter is required at the upper i>art of the wellbore. Such 
a large borehole dtemeter involves Increased costs due to heavy casing handling 
equipment, terge drill bits and increased volumes of driiiir^ fluid and drill cuttings. 
Moreover, increased drilling rig tirne is Invdved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hde 
diametere drilled in the course of the weU. and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the iimltaitons of 
the existing procedures for fomning new secttons of casing In a weObore. 

Summary of the Inventton 

According to one aspect of the present inventton. an apparatus for forning a 
weBwre casing in a borehote tocated in a subtenanean fbnnation Including a 
preexisting wellbore casing te provided that includes a support member including a first 
fluM passage, an expanston cone ooupted to the support member including a second 
fluid passage fluMidy coupted to the first fluki passage, an expandabte tubuter liner 
movably coupled to the expanston cone, and an expandabte shoe ooupted tothe 
expandable tubuter liner. 

According to another aspect of the present inventton. e shoe te provMed that- 
Includes an upper annuter portion, an intennedtete annidar portton, and a tower ennuter 
porikxi. The Intermediate annuter portton has an outer circumference that te larger 
than the outer drcumferenoes of the upper and lower annular porttons. 
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According to another aspect of the present invention, a method of fomning a 
welltx)re casing in a subterranean formation having a preexisting wellbore cadng 
positioned In a t)orBhole Is provided that includes installing a tubular liner, an expansion 
cone, and a shoe In the t>orBhole, radially expanding at least a portion of the shoe by 
5 injecting a fluidic material into the shoe, and radicAy expanding at least a portion of the .^-^ 
tubular liner by injecting a fluidic material into the borehole below the expanston cone. 

According to another aspect of the present Invention, an apparatus for forming ^. - ' 
a wellbore casing in a subtenanean fbmiation having a preexisting wellbore casing 
positioned In a borehole Is provided that Includes means for installing a tubular linerT^p^ 

10 expansion cone, and a shoe In the borehole, means for rediaDy expanding at least a \. 

V. 

portion of the shoe, and means for radially expanding at least a portion of the tubular 
liner. 

According to another aspect of the present Invention, an apparatus for fonming 
a wellbore casing within a subterranean fbnmation bicluding a preexisting wellbore 

1 5 casing positioned in a borehole is provided that indudes a tubidar liner, and means for 
radially expanding and coupling the tubular liner to an overiapping portion of the 
preexisHng wellbore casing. The in«de diameter of the radially expanded tubular liner 
is substantially equal to the inside diameter crfa non-overiapping portion of the 
preexisUng weHbore casing. 

20 According to anottier aspect of the present invention, a wellbore casing 

positioned in a borehole wHhln a subterranean fbnnation b provided ttiat indudes a first 
weObore casing, and a second wellbore casing coupled to and overlapping wHh ttie firet 
weHbore casing. The second wellbore casing Is coupled to tfie first wellbore casing by 
the process of: instalBng ttie second wellbore casing, an expansion corie, and a shoe in 

25 the borehole, radially expanding at least a portiOT of ttie shoe by injecting a fluidic 

material into ttie shoe, and radially expanding at least a portion of ttie second weDbore 
casing by injecting a fluidic material into the borehole below the expanston cone. 

According to anottier aspect of the present invention, a method of forming a 
tubular structure in a subterranean formation having a preexisttng tubular memt)er 

30 positioned in a borehole is provided ttiat includes instelling a tubular Oner, an expansion 
cone, and a shoe in tiie borehole, radially expanding at least a portion of the shoe by 
injecting a fluidic material into the shoe, and radidly expanding at least a portion of the 
tubular Bner by ir^ecUng a fluidic material into ttie borehole below ttie exparraion cone. 
According to anottier aspect of the present Invention, an apparatia for fomiing 

35 a tubular stnicture In a subtenranean formation having a preexisUng tubular member 
posWoned In a borehole is provided ttiat includes means IbT'lnstalDng a tubular liner, an 



expansion oone, and a shoe in the borehole, means for radially expanding at least a 
portion of the shoe, and means for radially expanding at least a portion of the tutelar 
liner. 

According to another aspect of the pre^nt invention, an apparatus for forming 
5 a tubular structure within a subterranean fbmiation including a preexisting tubular 

member positioned in a borehole is provided that includes a fibular liner and means for 
FBdialiy expanding and coupling the tubular Dner to an overlapping portion of the 
preexisting tubular mdmber. The inside diameter of the radlaBy expanded tubular liner 
is substantially equal to the inside diameter of a non-overlapping portion of the 
10 preexisting tubular member. 

According to another aspect of the present invention, a tubular structure 
positioned in a borehole within a subtenanean formation b provided that includes a first 
tubular member and a second tutnilar mend>er coupled to and overlapping with the first 
tubular member. The second tubular member is coupled to the first tubular member by 
15 the process of: Instsdiing the second tubular m«nber> an expansion oone. and a shoe 
in the borehole, radially expanding at least a portion of the shoe tiy injecting a fluldic 
materfal irito the shoe, and radially expanding at least a portion of the second tubular 
member by injecting a fluidic material into the borehole below the expansion cone. 

Brief Description of the Drawings 
20 FIG. 1 is a fragmentsffy cross-sectional view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the ptaoembnt of an 
emtKxliment of an apparatus for creating a monoKllameter wellbore casing within the 
new section (rf the weU borehole of FIG. 1. 
25 Fid. 2a is a cross^secUonal view of a portion of the shoe of the apparatus of 

FIG, 2, 

FIG. 2b is a cross-sectionai view of another portion of the shoe of the apparatus 
of FIG. 2. 

FIG. 2c Is a cross-sectimai view of another portion of the shoe of the apparatus 
30 ofRG.2. 

FIG. 2d is a cross-sectional view of another portion of the shoe of the apparatus 
of FIG. 2. 

FIG. 2e is a cnoss-sectional view of a portion of the shoe of the apparatus of 
FIG. 2a 
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FIG. 3 Is a fr^mentary cross-sectional view Illustrating the injection of a 
hardenat)le fluldic sealing material through the apparatus and into the new section of 
the well tK)rehole of FIG. Z 

FIG. 3a b a cross-secHonal view of a portion of the shoe of the apparatus of 

5 FIG. 3. 

FIG. 3b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 3a. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a fluidic 
material into the apparatus of FIG. 3 In order to fluididy Isolate the interior of the shoe. 
10 FIG. 4a is a cross-secUonal view of a portion of the shoe of the apparatus of 

FIG. 4. 

RG. 4b is a cross-secGonal view of a portion of the shoe of the apparatus of 
FIG. 4a. 

FIG, 5 is a cross-sectional view illustrating the radial expansion of the shoe of 

15 RG.4. 

FIG. 6 is a cross-secHonal view illustratir^ the lowering of the expandable 
expansion cone Into Ihe radiaDy expanded shoe of the apparatus of FIO. 5. 

FIG. 7 te a cross-secHonal view Illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 6. 
20 FIG. 8 is a cross-sectional view illustrating the injection of fluidic rriaterial into 

the radially expanded shoe of the apparatus of FIG. 7. 

FIG. 9 is a cross-eecttonai view illustrating the oomplettori of the radial 
expansion of the expandable tubular member of the apparatus of FIG. B. 

FIG. 10 is a cross-sectional view illustrating the renrxyval of the bott^ 
25 the radially expanded shoe of the apparatus of FIO. 0. 

FIG. 1 1 is a cross-sectional view illustrating the formation of a mono^lameter 
weilbore casing that hdudes a plurality of overlapping nrK>no-diam6ter welibore 
casings. 

FIG. 12 is a fragmentary cross-secUonal view illustrating the placement of an 
30 alternative embodirnentof an apparatus for creatirig a mono-diameter welibore casing 
within the weilbore of FIO. 1 . 

FIG. 12a is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 12. 

FIG. 12b is across-sectional view of a portion of the shoe of the apparatus of 
35 FIG.Ii 
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FIG. 12c is a cross-sectional view of another portion oT the shoe of the 
apparatus of FIG. 12: 

FIG. 12d is a cross-sectional vtewof another portion ofthe shoe of the 
apparatusof FIG. 12. 
5 FIG. 1 3 is a fragmentary cross-sectional view illustrating the injection of a 

hardenabie fluidic sealing material through the apparatus and into the new section of 
the wen borehole of FIG. 12. 

FIG. 1 3a is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 13. 

10 FIG. 14 is a fragmentary cross-sectional view illustrating the Injection of a fluidic 

material into the apparatus of FIG. 13 in order to flukfldy isolate the interfor of the shoe. 

FIG. 14a is a crossrsectional view of a portion of the shoe of the apparatus of 
FIG. 14. 

FIG. 15 is a cross-sectional view Dlustrating the radial expanslm of the shoe of 
15 FIG. 14. 

FIG. 16 is a cross-sectional view illustrating the lowering of the expandable 
expansion cone bito the radially expanded shoe cvf the apparatus of FIG. 15. 

FIG. 17 is a cross-sectional view illustrating the expansion of the expandabte 
expansion cone of the appsratus of FIG. 16. 
20 FIG. 18 is a cross-sectional view Dlustrating the injection of fluidic material into 

the radially expanded shoe of the apparatus of FIG. 17. 

FIG. 19 is a cross-sectional view illustratihg the completion of the radial 
expansion of the expandable tubular member of the apparatus of RG. 1 8. 

FIG. 20 is a cross-sectional view Illustrating the removal of the bottom portion of 
25 the radially expanded shoe of the apparatus of FIG. 19. 

Detailed Description of the Illustrative Embodiments 
Refenlng Initially to FIGS. 1 , 2, 2a. 2b, 2c» 2d, 2e. 3, 3a, 3b. 4. 4a. 4b. and 5* 
1 0. an embodinr)ent of an apparatus and method for fbming a monoKtlameter wellbore 
casing within a subterranean fbnnation will now be described. As Illustrated in Fig. 1 . a 
30 wellbore 100 is positioned in a subtenanean formation 105. The wellbore 100 includes 
a pre-existing cased section 110 having a tubular casing 1 15 and an annular outer 
layer 120 of a fluklic seeing material such as. for example. cemenL The wellbore 100 
nriay be positioried in any orientatton from vertical to horizontaL In several altemative 
embodiments, the pre^dsting cased section 110 does not include the annular outer 
35 layer 120. 
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In order to exteml the i^allbors 100 into the subterranean formation 105, a drill 
string 125 Is used in a waO }xmm manner to driQ out materia! from the subterrsinean 
fbnmatton 105 to torn a rtm vtfsllboine section 130. In a pnaferred emtmliment. the 
Inside diameter of the new \;^feObore section 130 is grealter than tha inside diameter of 
5 the preeidsting \;^fellb07)3 (^E^ 

As illustrated in FtGS. 2, 2a, Sb. 2c 2d, and 2e, an appairatus 200 ft^ fbmning a 
v^QbOTe ^sing In a subterranean fomiation is then posiltionsd En the rmf section 130 
of the v^llboTie 1 00. The appareitus 200 prtsferably includes an expansion cone 205 
havif^ s fluid parage 205a that support a tubular noembar 210 that tncSudes a tomr 
10 portton 210a, an intemM^te portion 210b, an upper porltion 210c arid an upper end 
portion 210d. 

The e^^pansbn cone 205 w^y be any number of conventional commercially 
available e^tpansion cones. In several alternative embodiments, the expansion cone 
20^ may be oontroltably ejcpandabie in the radial direction, fox e^tample, as disctosed in 

15 U.S. patent nos. 5,348,^5, and/or 6,012,523, the disdosuros of which are 
InooTporated herain by rsllisrQnoe. 

The tubular member 210 may be febricated ftom any number of conventional 
ooTnmarcially available materials such as, for enample. Oilfield Country Tubular Goods 
(0CT6), 1 3 chromium steel tubing/rasing, or plastic tubing/raistng. in a preferred 

20 embodiment, the tutHjIar member 210 Is febricated firom OCTG in onSer to madmise 
streo^ after expansion. In several aMm^ttve embodiments, the tubul&rn^^ 
rrmy be solid aruSI/or slotted. For typical tubular memtier 210 materials, the ler^ of 
the tubular member 210 b prBferabSy llmjted to behi^n about 40 to 20,000 feet In 



25 The portion 210a of ^e tubular rrtember 210 prtstaabty has a larger 

inside diameter than the upper portion 21 Oc of the tubular nnember. In a preferred 
embodiment, the lAfell thIcSmess of the intermediate portion 21 Ob of the tubular rrtsmber 
201 is less than the v^l thicCiness of the upper portion 210c of U^e tutelar member in 
order to fecilifate the init^on of the radiaD expansion p(nooess. In a preferred 

30 embodiment, the upper end portion 21 Od of the tubular memt^ 21 0 Is slotted, 

perforated, or o9her\R^ modified to catch or slo^ dovifn tha oxpanston cone 205 vvhen 
it completes.the extrusion <3S tubuteir member 210. In a pr^fierred embodiment, vvall 
thIScScness of the upper end portion 210d of the tubular member 21D is gradually tapered 
In order to gradually rsduoe the rsquirad radial axpansion foroes durir^ the latter 

35 stages of the rsdial expansion process. In tMs rrainnar, shock loading cortdStions 
during the latter stages of the racBal expansion process are at least minimised. 
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A shod 215 bocnjpled to thokiv!^ portion 210a cyfthatub^ The 
shoa 215 includes an upper portton 215a. an Intemnedsate portion 215b, and lov^ 
portioTi 215c having a valvoable fluid ^ssage 220 that is preferably adapted to receive 
a ply;g, dart, or other simiter element for oontroliably sealing the fluCd passage 220. In 
S this manner, the flukS passage 220 rmy be optimally sealed off by introducing a plug, 
dart and/or ball sealing elements into the fluid passage 220. 

The upper and ksmr portions, 21 Sa and 21 5c, of the shoe 21 5 are preferably 
substantially tubu^r, and the intenmedlate portion 215b olf the shoe Is preferably at 
least parlSall^ folded inv^ardly. Furthermc^e, in a preferred embodiment, v^n the 

10 interm^ialte portion 215b the shoe 213 unfbided by the application of fluid 

pressure to the int^ior region 230 of the shoe, t^te Inside and outside diameters of the 
intenfnediate portion are preferably both gns^ter than the instde and outsEde diameters 
of the upper and lovvar portions, 215a and 21 So. In thte manner, the outer 
drcumffierence of the intemtediate portion 21 5b of the shoe 21 5 is prefierably greater 

IS than the outside drcumferences of the upper and lo^r portions, 21 Sa and 21 5b, of the 
shoe. 

In a preferred embodiment, the shoe 215 further includes one or more through 
and side outlet ports bfhjidiccornmunb»[tton\^ In this 

manner, the shoe 215 optimally injects hardenable fluidic sealing material Into the 

20 region outsUe the shoe 215 and tubular member 210. 

In an aitemaBve embodiment, the flo^ passage 220 is omKted. 
A support member 225 having fluid passages 225a and 225b is ooupEed to the 
expansion conQ 205 for suppOTting the apparatus 200. The fHuEd passa^ 225a Is 
pnsferably flu!^idy coupled to the flulid passage 305a. In this manner, fluidic materials 

25 may be com^/^ to STtd from the regbn 230 beto^ the expansion oone 205 and above 
the tottom of the shoe 215. Tl^ fCuid passage 225b is pinsferEbly fSuidldy ooupl^ to 
the fluid passage 225s) and includes a conventional control valve. On this manner, 
during placement of the apparatus 200 v^in the ^bone 100, surge pressures (^n be 
rellevs^ by the fluid passage 225b. In a prtsfierred emtbodirmnt. the support member 

30 225 ftirther Includes one or more conventional oentrailzers (not illustrated) to help 
stabilize the apparatus 200. 

During ptaoement of the apparatus 200 v^thin the weHbone 100, the fluid 
passage 225a is prefiafably selected to transport materials such as. for enample, drilling 
mud or fbnration fhdds at tlm rates and [^essuras rangirtg from about 0 to 3,000 

35 gaitons/Mnute and 0 to 9.000 psi in order to minimize drag oti the tubular member 
beir^ run and to minlmiZB surge pressures enertxsd on the v^ilbcra 130 i^ich could 
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cause a loss of wsllbora fluids and lead to hole collapse. During placement of the 
apparatus 200 within the wellbore 1 00. the fluid passage 225b is pr^eraUy selected to 
convey fluldic matariais at flow rates and pressures ranging from about 0 to 3.000 
gaDonsAnlnute and 0 to 9.000 psi in order to reduce the drag on the apparatus 200 

5 during Insertion into the new section 1 30 of the wellbore 100 and to mhlmiza surge 
pressures on the new wellbore section 1 30. 

A cup seal 235 Is coupled to and supported by the support member 225. The 
cup seal 235 prevents foreign materials from entering the interior region of the tubular 
member 210 adjacent to the expansion cone 205. The cup sea! 235 may be any 

10 numt)er of oonventtonal commerdaily available cup seals such as, for example, TP 
cups, or Selective Injection Packer (SIP) cups modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment the cup seal 235 is a 
SIP cup smI, available from Halliburton Energy Services in Dallas, TX in order to 
optimally bipck foreign material and conteln a body of lubricant In several alternative 

15 embodlmente, the cup seal 235 may include a plurality of cup seals. 

One or nriore sealing rnemt)ers 240 are preferably coupled to and supporied by 
the exterior aurteoe of the upper end portion 210d of the tubular member 210. The 
sealing membera 240 preferably provide an overiapping Joint between ttie lower end 
portion 115a of the casing 115 and the upper end portion 210d of ttie tubular member 

20 210. TheseaUng rnerTitiere240rnaybeenynurnberof gmgnU 

availabto seals such as. for example, lead, rubber. Teflorj^or epoxy seals modified in 
accordance wtth the teachings of the present disclosure. In a prefened embodiment 
tfie sealing membera 240 are molded from Stratalodc epoxy available from Halliburton 
Energy Services in Dallas. TX in order to qrtbnally provide a load bearing interfsrsnoe 

25 fit between the upper end portion 210d of the tubular mend)er 210 and the lower end 
portion 1 15a of the existing casing 115. 

In a pretened emtxxliment the sealing members 240 are selected to optimally 
provide a sufficient frictior>al force to support ttte expanded tubular member 210 firom 
ttm existing casing 115. in a preferred embodiment the fricfional force optimally 

30 provided by the ssialing nrambera 240 ranges from about 1,000 to 1,000,000 Ibf in 
order to optimally support the expanded tubular member 210. 

In an alternative emtxxliment the seeling memberB 240 are omitted from the 
upper end portion 210d of the tutxjiar member 210, and a load bearing meteMo^neted 
interference fit Is provided t>etween upper otkI portion of ttie tubular member and the 

35 lower end. portion 1 15a of the existing casing 1 15 by plastically deforming and radially 
expanding the tubular member into contact witti ttie exbUng casing. 
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In a piBferred embodiment, a quantify of lubricant 245 is provided in the annular 
region above the expansion cone 205 within the interior of the tubular member 210. In 
this manner, the extrusion of the tubular member 210 off of the expansion cone 2(K is 
tadlitated. The lubricant 245 may be any number of oonvenfonal commerdaliy 

5 available lubricants such as, for exanq>ie, LubripbtaTchtorine based lubricants, oD 
t>ased lubricants or Climax 1500 Antisieza (3100). In a preferrBd embodiment lha 
lubricant 245 is Climax 1 500 Antisieze (3100) available from Climax Lubricants and 
Equipment Co. in l4ouston, TX in order to optimally provide optimum lubrication to 
fiacilitate ^e expansion process. 

10 In a prefarred embodiment, the support member 225 is thoroughly cleaned prior 

to assembly to the remaining portions of the apparatus 200. In this manner, tiie 
introduction cS foreign material into the apparatus 200 Is minimized. This minimizes the 
possibility of foreign material dogging the various flow passages and valves of the 
apparatus 200. 

15 in a prafianed embodiment, before or after positioning the apparatus 200 within 

the new section 130 of the weilbore 100, a couple of wellbofB volumes are circulated In 
order to ensure that no foreign rnalerials are located within the wellbore 100 ^ 
dog up the various flow passages and valves of the apparatus 200 and to ensure that 
no foreign material Intarfares wKh the expansion process. 

20 As iiiustratad In FiGS. 2 and 2e, in a preferred embodiment, during placement 

of the apparatus 200 within the wellbore 100, fluidic materials 250 within the weBbore 
that are displaced by the apparatus are at least partially conveyed through the fluid 
passages 220, 205a, 225a, and 225b. In this manner^ surge pressures created by the 
placement of the apparatus within the wellbore 100 are reduced. 

25 As illustrated in FIGS. 3. 3a, and 3b, the fluid passage 225b is then dosed and 

a hardenable fluidic sealing material 255 is then pumped from a surface location into 
the fluid passages 225a and 205a. The material 255 then passes from the fluid 
passage 205a into the interior region 230 of the shoe 215 below the expansion cone 
205. The material 255 then passes from the Interior region 230 into the fluid passage 

30 220. The material 255 then exits the apparatus 200 and fills an annular region 260 
between the exterior of the tubular member 210 and the Interior wan of the new secQon 
130 of the wellbore 100. Continued pumping of the material 255 causes the material to 
fill up at least a portion of the annular region 260. 

The material 255 la preferably pumped into the annular region 280 at pressures 

35 and flow rates ranging, for exampte,.from about 0 to 5000 psi and 0 to 1 iSOO 

galtons/Mn, raspecUvely. The opiirnum flow rate arxloperatirig pressures vary as a 
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function of the casing and wellbore sizes, wellbore section length, available pumping 
eqidpment. and fluid properties of the fluldic material being pumped. The optimum flow 
rate and operating pressure are preferably determined using conventional empirical 
methods. 

5 The hardenable fluidic sealing material 255 may be any number of conventional 

. commercially available hardenable fluidic sealing materials such as, for example. slag 
mix, cement, latex or epoxy. In a preferred embodiment, the hardenable fluidic sealing 
material 255 is a blended cement prepared specifically for the particular well section 
being drilled from Halliburton Eriergy Services In Dallas. TX In order to provide optimal 

10 support for tubular member 21 0 while also maintaining optimum flow characteristics so 
as to minimize difRculties during the displacement of cement in the annular region 260. 
The optimum blend of the blended cement is preferably detenmirted using conventional 
empirical methods. In several alternative embodiments, the hardenable fluidic sealing 
material 255 is compressible before, during, or after curing. 

15 The annular region 260 preferably Is filled with the matertal 255 In sufRdent 

quantities to ensure ttmt, upon radial expansion of the tubular member 210, the annutar 
region 260 of the new section 130 of the wellbore 100 wlB be filled with the material 
255. 

In an alternative embodiment, the bijedlon of the material 255 Into the annuter 
20 region 260 is omitted, or is provided after the radial expansion of the tubular member 
210. 

As Illustrated h FIGS. 4, 4a, and 4b; once the ennular regioh 260 has been 
adequately filled wKh the matertal 255, a plug 265, or other simitar device, is introduced 
Into the fluid passage 220, thereby fluMldy Isotating the Interior region 230 from the 

25 annular region 260. In a preferred embodiment, a non-handenable fluidic material 270 
is then pumped into the interior region 230 causing the interior region to pressurize. In 
this manner, the intertor region 230 of the expanded tubular member 210 will not 
contain significant amounte of the cured material 255. This also reduces end simplifies 
the cost of the entire process. Attematively, the matertal 255 may be used during thta 

30 phase of the process. 

As illustrated In FIO. 5, In a preferred embodiment, the continued Injectton of 
the fluidic material 270 pressurizes the region 230 and unfolds the Intermedtate portion 
215b of the shoe 215. In a preferred embodiment, the outsMe diameter of the unfolded 
Intemnediate portion 215b of the shoe 215 is greater than the outeide dtameter of the 

35 upper end lower portions, 215a and 215b, of the shoe. In a prefbrred embodlnnent, the 
Inside end outside dtam^rs of the unfolded Intennediate portion 21Sb of the slioe 215 
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aife greater ttian the inside and cnitside diameteis, respectively, of the upper and lower . 
portions, 215a and 215b, of the shoe. In a preferred embodiment, the inside diameter 
or the unfolded intermediatB portion 215b of the shoe 215 is substantially equal to or 
greatsr than the inside diameter of the preexisting casing 1 1S in order to optimaHy 

5 faciiHate the fbmiation of a mono^iameter wellbore ca^. 

As illustrated in FIG. 6, in a preferred embodiment, the expansion cone 205 is 
then lowered Into the unfolded Intermediate portion 21 5b of the shoe 21 5. In a 
preferred emtKxIinrient, the expansion cone 205 is lowered into the unfolded 
intermediate portion 215b of the shoe 215 until the bottom of the expanston cone is 

10 proximate the lower portion 215c of the shoe 215. In a preferred emlxxiiment, during 
the lowering of the expansion cone 205 into the unfolded Intermediate portion 215b of 
the shoe 21 5, the material 255 within the annular region 260 and/or the bottom of the 
wellbore section 130 maintains the shoe 215 in a substantially statk^ary position. 
As illustrated in FIG. 7. in a preferred embodiment, the outside diameter of the 

15 expansion cone 205 is then increased. In a prefened embocRment, the outside 
diameter of the expansion cone 205 is increased as disclosed In U.S. patent nos. 
5,348,095, and/w 6,01 2,523, the disclosures of which are incorporate herein by 
reference. In a prefened embodiment, the outside diameter of the radially expanded 
expansion cone 205 Is sut>stantially equal to the inside diameter of the preexisting 

20 welll)ore casing 115. 

In an alternative embodiment the expansion cone 205 is not lowered into the 
radially expanded portion of the shoe 21 5 prtor to being radially expanded. In this 
manner, the upper portion 210c of the shoe 210 may be radially expanded by the radial 
expension of the expansion cone 205. 

25 In another alternative embodiment the expansion cone 205 is not radially 

expanded. 

As illustrated in FIG. 8, In a preferred embodiment a fluldic material 275 is then 
injected into the region 230 through the fluid passages 225a and 205a. In a prefened 
embodiment, once the interior region 230 becomes suffidentiy pressurized, the upper 

30 portion 21 5a of the shoe 21 5 and ttte tubular nmnber 21 0 are preferably plastlcalty 
defonned. radially expanded, and extruded off of the expansion cone 205. 
Furthenmore. in a preferred embodiment during the end of the radial expansion 
process, the upper portion 21 Od of the tubular member and the lower portion of the 
preexisting casing 1 15 that overlap with one another are sinrudtaneously plastically 

35 defonned and radially expanded. In this manner, a monodimeter wellbore casing 
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may be formed that includes the preexisting wellbofe casing 115 and the radially 
expanded tubular member 210. 

During the extnidon process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210. In a preferred embodiment during the 
5 extrusion process, the expansion cone 205 is rtfsed at approxbnatety the same rata as 
the tubular member 210 is expanded in order to Iceep the tubular member 21 0 
stationary relative to the new wellbore section 1 30. In this manner, an ON^rlapplng Joint 
betwem the radially expanded tubular member 210 and the tower portico of the 
preexisting casing 115 may be optimaHy fonned. In an alternative preferred 

1 0 embodiment the expansion oone 205 is maintained in a stationary position during the 
extrusion process thereby allowing the tubular member 210 to extrude off of the 
expansion cone 205 and into the new weilbors section 130 under the force of gravity 
and the operating pressure of the interior region 230. 

in B prBfonred embodiment, when the upper end portion 21 Od of the tubular 

15 member 210 and the lower porttonofthe preexisting casing 115 that overtop with one 
another are plastically defonmed and radially expanded by the expansion oone 205, the 
expansion oone 205 is dsplaoed out of the wellbore 1 00 by both the operating 
pressure within the region 230 and a upmrdly directed axial force app^^ 
tubutar support member 225. 

20 The overlapping Joint t)etwBen the lower portion of the preexisting casing 115 

and the radtally expanded tubutar member 210 preferably provides a gaseous and 
fiuidic seal. In a particularly prefenred embodiment the seaDng members 245 optimally 
provide a fiuidic and gaseous seal in the overtopping Joint in an alternative 
embodiment the sealing members 245 are omitted. 

25 In a prefenred embodiment, the operating pressure and flow rate of the fiuidic 

material 275 is controll^>ly ramped down when the expanston cone 205 reaches the 
upper Old portion 210d of the tubutar member 210. In this manner, the sudden release 
of pressure caused by the oompleto extn^ton of the tubular member 210 off of the 
expansion cone 205 cen be minimteed. In a prefened embodiment the operating 

30 pressure is reduced In a substanttoily linear feshion from 100% to about 1 0% during 
the end of the extmsion process beginning when the expansion oone 205 b within 
about 5 feet ftamcompielton of the extrusion process. . 

Altematlveiy. or in oomtHnatton, the wall thidoiess of the upper end portion 
210d of the tubutar member ta tapered in order to gradually reduce the required 

35 operating pressure for plastically deforining and rsdiaily expanding the upf^ 
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portion of the. tubular merriber. In this manner, shock loading of the apparatus is at 
least reduced. 

Altemativaiy, or in oonribinatkMi, a shock absort)er is provided in the support 
menit)er 225 in older to absorb the shock caused by the sudden release of pressure. 

5 The shock atisorber may comprise, for example, any conventtonal oonunerdaily 
available shock absorber, bumper sub, or JarB adapted for use In wellbore operattons. 

Alternatively, or in combination, an expanston cone catching struchjra is 
provMed in the upper end portion 21 Od of the tubular member 210 in order to catch or 
at least decelerate the expansion cone 205. 

10 In a prefened entxxllment, the apparatus 200 is adapted to minimize tensile, 

burst, and friction effects upon the tubular member 210 during the expanston process. 
These effects will be depend upon the geometry of the expansion cone 205, the 
material composition of the tubular rnember 210 and expansion cone 205, the inner 
diameter of the tubular member 210, the wall thickness of the tubular mernber 210, the 

15 type off lubricant, and the yi^ strength of the tubular merrter 210. In general, ttie 
thicker the wall thickness, the smaller the inner diameter, and the greater the yield 
strength of the tubular member 21 0, then the graatsr the operating pressures required 
to exbiJde the tubular member 210 off of the expanston cone 205. 

For typical tubular mennbers 210, the exlmsion of the tubular member 210 off of 

20 the expanston cone 205 will begin when the pressure of the interior region 230 
reaches, for example, approxlnriately 500 to 9,000 psl. 

During the extruskxi process, the expansion cone 205 may be raised out of the 
expanded portkm of the tubular member 210 at rates ranging, for example, from alxiut 
0 to 5 Wsec in a profened embodiment, during the extrusion process, the expansion 

25 cone 205 Is raised out of the expanded portion of the tubular member 210 at rates 

ranging frcm about 0 to 2 ft/sec in order to minimize the time raqulred for the expansion 
process while also permitting easy control of the expansion process. 

As illustrated in FIG. 9, once the extrusion process Is completed, the expansbn 
cone 205 is removed from the wellbore 100. in a profaned embodiment, either befbre 

30 or after the removal of the expansion cone 205. the integrity of the flukfic seal of the 
overiapping Joint between the upper end portton 210d of the tubular member 210 and 
the tower end portton 1 15a of the preexisting wellbore casing 1 15 is tested using 
oonventtonai methods. 

In a preferred embodiment, if ttie fluidte seal erf the overiapping Joint between 

35 the upper end portion 210d of the tubutar member 210 end the tower end portion 1 1 5a 
of the casing 1 1 5 is satbtadory, then any uncursd portton of the matertal 255 within the 



expanded tubular member 210 Is then reinoved In a oonventional manner such as. for 
example, circulating the unoured nrtaterial out of the interior of the expanded tubular 
member210. 1lie expansion cone 205 is then pulled out of the weOborBS^ 
and a drill bit or mill is used in combination with a conventional drilling assembly to drill 
5 out any hardened material 255 within the tubular nmrnber 210. Inaprafened 
embodiment, the material 255 within VhB annular region 260 is then allowed to fiilly 
cure. 

As illustrated in FIG. 10, the bottom portion 21 5c of the shoe 215 nnay then be 
removed by drilling out the bottom portion dl the shoe using conventional drilling 

10 methods. The wellbore 100 may then be extended in a oonventional manner using a 
conventional drilling assembly. In a prefenred embodiment, the Inside diameter of the 
extended portion of the wellbcm 100 is greater than the inside diameter of the radially 
expanded shoe 215. 

As Uustrated in FIG. 1 1, ttie method of FIGS. 1-10 nr>ay be repeatedly 

1 5 performed in order to provide a mono-diameter wellbore casing that includes 

overlapping weBbore casbigs 115 and 210a-210e. The wellbore casing 1 15, and 210a- 
210e pfeferably include outer annular layers of fluidic sealing materiaL Altematlvely, 
the outer annular layers cS fluidic sealing material may be omitted. In this manner, a 
mono-diameler wellbore casing may be formed within ttte eubtarranean fbmnatlon that 

20 extends for tens of thousands of feet. More generail/ etill, the teachings of FIGS. 1-1 1 
may be used to form a mono^lameter wellbore casing, a pipeline, a strudural support, 
or a tunnel wItMn a subterranean formation at any orientation from the vertical to the 
horizontal. 

in a prMerred embodiment, the formation of a mono-dtameter wellbore casing, 
25 as illustrated in RGS. 1-1 1 , Is further provided as disclosed in one or more of the 
fotowing: (1) U.S. patent application serial no. 09/454.139, attorney dbdcet no. 
25791.03.02, filed on 12/3/1999, (2) U.S. patent applicatibn serial no. 09/510,913, 
attorney docket no. 25791.7.02, filed on 2/23^2000, (3) U.S. patent application serial 
no. 09/502.350, attorney dodcet no. 25791 .8.02. fited on 2/1 0/2000, (4) U.S. patent 
30 application serial no. 09/440,338, attpmey dodcet no. 25791.9.02, filed on 11/15/1999. 
(5) U.S. patent application serial no. 09^23,460, attorney docket no. 25791.11.02, filed 
on 3/10/2000. (6) U.S. patent appltcatton serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/511,941, 
attorney docket no. 25791.16.02, filed on 2/24/2000. (B) U.S. patent applteation serial 
35 no. 09/588,946, attorney docket no. 25791 .17.02, filed on 6/7/2000, (9) U.S. patent 
appOcaHon sertal no. 09/559,122, attorney docket no. 25791 .23.02, filed on 4/26/2000. 
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(10) PCT patent application serial no. PCT/USOQ/18635, attorney docket no. 
25791 25.02. filed on 7/9/2000. (11) U.S. provisional patent application serial no. 
60/162,671. attorney docket no. 257gi.27» filed on 1 1/1/1899. (12) U.S. provistonai 
patent application serial no. 60/154,047, attorney docket no. 25791.29. filed on 

5 9/16/1999, (13) U.S. provisional patent application serial no. 60/159.082. attorney 
docket no. 25791.34, filed on 10/12/1999. (14) U.S. provisional patent applicatton serial 
no. 60/159.039, attorney docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
provisional patent applicatton serial no. 60/159.033. attorney docket no. 25791.37, filed 
on 10/12/1999. (16) U.S. provisional patent applicatk>n serial no. 60/212.359. attorney 

10 docket no. 25791 .38. filed on 6/19^000, (17) U.S. provisional patent application serial 
no. 60/165.228, attorney docket no. 25791.39. filed on 11/12/1999. (18) U.S. 
provisk)nal patent applicatk>n serial no. 60/221 ,443. attorney docket no. 25791 .45. filed 
on 7/28/2000, (19) U.S. provisk>nal patent appllcatton serial no. 60/221.645. attorney 
docket no. 25791 ;46. filed on 7/28/2000. (20) U.S. proviistorial patent applicafion serial 

15 no. 60^33.638. attorney docket no. 25791.47. filed on 9/18/2000, (21) U.S. provlstonal 
patent appilcatton serial no. 60/237.334. attonney docket no. 25791 .48. filed on 
10/2/2000. and (22) U.S. provisional patent application serial no. ra/262,434, attorney 
docket no. 25791.51. filed on 1/17/2001. the disctosures of whnh are incorporated 
herein tiy reference. 

20 Referring to FIGS. 12. 12a, 12b, 12c and 12d, in an alternative eml)odiment an 

apparatus 300 for fonnlng a mono-diameter welllxm casing is posittoned within the 
wetttKKB casing 1 15 that is substantlaily Identical in design and operation to the 
apparatus 200 except tt»t a shoe 305 is sut>stituted for the shoe 215. 

In a preferred milxxJimeht. the shoe 305 includes an uppv portton 305a. an 

25 intemiedlata portton 305b. and a lower portton 305c having a valveable fiuid passage 
310 that Is preferably adapted to receive a plug, dart, or other similar element tor 
oontrollably sealing the fiuM passage 310. In this manner, the fluid passage 310 may 
be optimally sealed off by introducing a plug, dart and/or ball sealing elements into the 
fiukl passage 310. 

30 The upper and tower portions. 305a arxl 30Sc, of VhB shoe 305 are preferably 

subslantially tubular, and the intomiediate portton 305b of the shoe includes 
corrugattons 305ba-305bh. Furthermore, in a preferred enrtoodlnnmt, when the 
Intermediate portion 305b of the shoe 305 is radially expanded by the appOcaUon of 
fluid pressure to the interior 315 of the shoe 305. the insUe and outside diameters of 

35 the radially expanded intenrodiate portion are preferably both greater than the inside 
and outMe diameters of the upper and tower portions, 305a and 305a In this manner. 



tbe outer drcumference of the intermediate portion 305b of the shoe 305 is preferably 
greater than the outer circumferences of the upper and iower portions. 30Sa and 305c. 
of the shoe. 

In a preferred embodiment, the shoe 305 further includes one or nrns through 
5 and side outlet ports in fluklic cornnuinication with the fluid passage in this 
manner, the shoe 305 optimally Injects hardenable fluidic sealing malarial Into the 
region outside the shoe 305 and tubular member 210. 

In an alternative embodiment the flow passage 31 0 is omitted. 
In a preferred embodiment bs Hlustrated in FIGS. 12 and 12d, during 
1 0 placement of the apparatus 300 within the wellbore 1 00. fiuldc materials 250 within the 
weilbore that are displaced by the apparatus are conveyed through the fluid passages 
310. 205a. 225a, and 225b. In this manner, surge pressures created by the piaoement 
of the apparatus within the wellbore 1 00 are reduced. 

In a preferred embodiment as lilustrated in FIG. 13 and 13a. the fluid passage 
1 5 22Sb is then dosed and a hardenable fluidIc sealing material 255 Is then pumped from 
a surfeoe location into the fluid passages 225a and 205a. The matertal 255 then 
passes from the fluid passage 205a Into the interior region 31 5 of the shoe 305 l)elow 
the expanston cone 205. The materlal 255 then passes from the interior region 315 
Into the fluid passage 310. The material 255 then exits the apparatus 300 and fills the 
20 annular ragibn 260 b^ween the exterior of the tubular nniember 21 0 and the hterior wall 
of the new section 130 of the wellbore 100. Continued pumping of the material 255 
causes the material to fill up at least a portion of the annular rsgion 260. 

The material 255 is preferably pumped Into the arviular region 260 at pessures 
and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1.500 
25 galions/min. respectively. The optimum flow rate and operating pressures vary as a 
function of the casing and wellbore sizes, weilbore section length, available pumping 
equipment, and fluid properties of the fluidic material being pumped. The optimum ffcyw 
rate and operating pressure are preferably detennined using conventional empiricai 
methods. 

30 The hardenable fluidic sealing material 255 may be any number of conventional 

commercially available hardenable fluidic sealing mateiials such as, for example, slag 
mix. cement, latex or epoxy. in a preferred embedment the hardenable fluidic sealing 
material 255 is a blended oement prepared specifically for the particular well seciion 
being drflled from Halliburton Energy Services In Dallas. TX in.order to provide optimal 

35 support for tubular member 210 while also maintaining optimum flow characteristics so 
as to minlmiza difRculties during the displacement of oement in ttie annular region 260. 
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The optimum Uend of tha bleruted osmont is pnsfarably determiix®d using conventional 
empirical msthods. In several alternative embodiments, the hanlenabte fluldtc sealing 
n^terial 255 is com|»essIble befors, during, or aflair curing. 

The annular region 280 preferably is fllk^ ysM) the material 255 In suffident 
5 quantities to ensure that, upon radial expansion of the tubular member 21 0. the annular 
regbn 280 ofthenevif section 130 d the mllbore 100 vvIU be Hili^ vvlth the material 
255. 

In an attsmatlve embodiment, (the injection d! tha material 255 into the annular 
rt^ion ^ !s omitted. 

10 As illustrated in FIGS. U and 14a, onoe ithe annul^ir region 280 has been 

adequately filled the material 255, a plug 235. or other similar device, is introduosd 
into the fluid passage 310, th^by fluldldy isolating the InterCor megton 315 from the 
annular n^ton 280. In a prefsTred embodiment, a non-Jtardenable fiuldlc material 270 
is then pumped into the interior r^bn 31 5 causir^ the interior region to pressurize. In 

15 this iranner. the interior legton 315 v^l not coTilain signified amounts of the cured 
ntaterial 2S5.. TMs also reduoas and simpDflee the cost of the entire proosss. 
Altenr»tively. the material 255 vray be used during this phsis® of the process. 

As illustrati^ in FIG. 15, b\ a pireferred embodiment, ttie continued CnJecUon of 
the fhwjic material 270 pressurizes the regton 315 and unfolds the oom^ations 305ba- 

20 30Sbh of the Intemiediata portion 30Sb of the shoe 305. On a prtsferred embodiment, 
the outside diameter c7 the unfolded intermediate portion 305b of the shoe 305 is 
grsater than the outsUe diameter of the upper and ta^r portions. 305a and 305b, of 
the shoa. In a preferr^ embodiment, tha inside and outside diameters of the unfolded 
intermediate portion 305b of the shoe 305 are grs^ter than the inside and outside 

25 diametsrs, resp^^ively, of the upper and Eo^r portions. 305a and 30Sb. of the shoe. 
In a prefi3r?ed embodiment, the inside dianreter of the unfolded intermediate portion 
305b of the shoe 305 Is substentlally (^ual to or greater than the inside diameter of the 
prt2^}dsting rising 305 in order to optlmias the fomnation of a mono-dtarrteter ^R^llbore 
casing. 

30 As illustrated in FIG. 18. in a preterrtsd embodiment, the expansion cone 205 is 

then tot;^r^ into the unfolded intemnediate portion 3C^ Ina 
preferrsd embodbrtent. the e»|»in^ rane 205 is tot^^feired into the unfolded 
Intermstaate portion 30Sb of the shoe 305 until the bottom of the e2q)an8ton cone is 
proKlrrate the tomr portion 305c of the shoe 305. In a prefonred embodiment, during 

35 the Eov^iering of the eicpanslon cone 205 into the unfolded Intermediate portion 305b of 
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the shoe 305, the material 255 within the annular region 260 mainiains the shoe 305 in 
a 8Ul)stanlially stationary position. 

As illustrated in FIG. 1 7. in a prefened emtxxliment, the outside diametw of the 
expansion oone 205 is then increased. In a prefened emtxxfirnent, the outside 
5 diameter of the expanston obne 205 Is increased as dtedosed In U.S. patent nos. 
5,348,095, .and/or 6,012,523, the dlsdosures of which are incorporate herein t^y 
reference. In a prefened embodiment the outside diameter of the radially exi»nded 
expansion oone 205 is sutistantialiy equal to the inside diameter of the preexisting 
welltK>re casing 115. 

10 In an alternative embodiment, the expansion cone 205 is not lowered into the 

radially expanded portion of the shoe 305 prior to being radially expanded. In this 
manner, the upper portion 305c of the shoe 305 may be radially expanded by the radial 
expansion of the expansion cone 205. 

In another altemathre embodiment, the expansion cone 205 is not radialiy 

15 expanded. 

As Hluslrated in FIG. 18, in a preferred embodiment, a fluidic material 275 is 
then Injected Into the region 31 5 through the fluid passages 225a and 20Sa. In a 
prefienned embodbnsknt, once the Interior region 315 becomes sufficiently pressurized, 
the upper portion 305a of the shoe 305 and the tubular member 210 are preferably 

20 plastically defbmned, radially expanded, and extmded off of the expansion cone 205. 
Furthermore. In a preferred embodirnent, during the end of the radial expansion 
process, the upper portion 21 Od of the tubular member and the lower portion of the 
preexisting casing 115 that overtap with one another are simultaiieously piasticslly 
deformed and radially expanded. In this manner, a mono-diameter wellbore casing 

25 may be formed that includes the preexisting wellbore casing 115 and the redi^ 
expanded tubular member 210. 

During the extrusion process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210. In a pruned embodiment, during the 
extrusion process, the expansion cone 205 is raised at approximately the same rate as 

30 the tubular nrtember 210 is expanded in order to iceep the tubular member 210 

stationary relative to the new weltt)ore section 1 30. In this manner, an overfapping Joint 
between the radially expanded tubular member 210 and the lower portion of the 
preexisting casing 115 may be optimally fomned. In an altemath^ preferred 
embodiment, the expansion oone 205 is rnaintained in a stationary position during the 

35 extn»lon process thereby allowing ttie tubular member 210 to extrude off of the 
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expansion cone 205 and into the new wellbore secHon 130 under the force of gravity 

and the operating presaure of the Interior ragim 230. 

In a prefarrad emtxxiiment, when the upper end portion.210d of tha tubular 

memk)er 210 and the tower portion of the precpdsting casing 1 15 that ovwtap with one 
5 another are plastically deformed and radially expanded by the expansion cone 205, the 

expansion oone 205 is displaoed out of the weilbora 100 by both the operating 

pressure within the region 230 and a upwardly directed axial force applied to the 

tulxjiar support nnember 225. 

The overtappir^ Joint between the lower portion of the preexisting casing 115 
10 and the radially expanded tubular member 210 preferably provides a gaseous and 

fluidic seal. In a paticularty prefenmi embodiment, the sealing members 245 optimally 

provide a fluidic and gaseow seal in the overlapping joint In an alternative 

embodiment, the sealing members 245 are omitted. 

In a preferred embodiment, the operating pressure and flow rate of the fluidic 
15 material 275 is oontrollably ramped down when the expansion oone 205 reaches the 

upper end portion 210d of the tubulv rnember 210^ In thb manner, the sudden release 

of pressure caused by the complete extrusion of the tubular member 21 0 off of the 

expansion oone 205 can be minimized, in a preferred errtodiment, the operating 

pressure is reduced in a siri)stantiany linear fashion from 100% to about 10% during 
20 the end of the extrusion process beginning when the expansion oone 205 is within 

about 5 feet finom completion of the extrusion process. 

Altematlvely, or in combination, the wall thickness of the upper end portion 

210d of the tubular member is tapered In order to gradually reduce the required 

operating pressure for plastically defomning and radially expanding the upper end 
25 portion of the tubular member. In this manner, shock toading of the apparatus may be 

at least partially minimized. 

Alternatively, or in combination, a shock absort)er is provided in the support 

member 225 in order to absorb the shock caused by the sudden release of pressure. 

The shodc at>8ort>er may comprise, for example, any conventk»ial commerdally 
30 available shock absorber adapted for use in vvelKxxeoperattons. 

Altematiyely, or in combination, an expansion cone catching structure is 

provkled In the upper end portion 21 Od of the tubular member 210 in order to catch or 

at least decelerate the expansion oone 205. 

In a preferred embodiment, the apparatia 200 is adapted to minimb» tensile, 
35 burst, and frtction effects upon the tubular nriember 210 durt 

These erfeds will be depend upon the geometry of ttie expanskxi cone 205, Uie 
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.material oomposiHon oT the tubular member 210 and expansion cone 205. the inner 
diameter of the tubular member 210« the wall thickness of the tubular member 210. the 
type of lubricant, and the yield strength of the tubular member In general, the 
thicker the wall thickness, the smelter the inner diameter, and the greater the yield 
5 strength of the tubular member 21 0, then the greater the operBUng pressures required 
to extrude the tubular mennber 21 0 off of the expan8k>n cone 205. 

For typical tubular members 210. the exbruston of the tubular member 210 off of 
the expansbn cone 205 wDI begin when the pressure of the Intertor rsgton 230 
reaches, for example, approxinrmtely 500 to 9,000 ps!. 

10 During the extrusion prxess. the expansten cone 205 may be raised out of the 

expanded portton of the tubular member 210 at rates ranging, for example, from about 
0 to 5 fl^sea In a prefemed embodinrient. during the extruskxi process, the expansion 
cone 205 is raised out of the expanded portion of the tutxilar member 21 0 at rates 
ranging from about 0 to 2 ft/sec in order to minimize the time required for the expansion 

15 process while also penmltting easy control of the expanston process. 

As Illustrated In RG. 19. once the extnision process is completed, the 
expansion cone 205 is removed from the welibore 100. In a prefisned embodiment, 
either befcro or after the removal of the expansk)n cone 205. ttie integrity of the fluidic 
seal of the overlapping Joint between the upper end portk>n 21 Od of the tubular member 

20 210 and the bwer end portion 115a(rfthe preexisting welRxm casing 115 is tested 
using oonventkxial methods. 

In a prefiened embodiment, if the fluUic seal of the overlapping Joint between 
the upper end portion 210d of the tubular member 210 and the lower end portfon 115a 
of the casing 1 15 Is satisfactory, then any uncurad portion of the nra^ 

25 expanded tubular menrter 210 Is then removed In a conventkmai manner such as, for 
exampte, drcuiating the uncured mat^l out of the intertor of the expanded tubular 
memb^210. The expansk)n cone 205 is then pulled out of the welibore section 130 
and a drill bit or mill is used in oombinatk>n with a conventional drilling assembly to drill 
out any hardened material 255 within the tubular member 21 0. In a preferred 

30 errrixxiiment. the material 255 within the annular regkxi 260 is then alkiwed to fiiliy 
cure. 

As illustrated in FIG. 20. the bottom portion 305c of the shoe 305 may then be 
removed by drilling out the bottom portion of the shoe using oonventtonal drilling 
noethods. The wNellbore 100 may then be extended In a oonventtonal manner using a 
35 oonventk>nal drilling assembly. lnaprBfiaiTedernbodiment.theinskledianietBrarthe 



22 



extended portion of the welltxm Is greater than the inside dianieter of the radially 
expanded shoe 305. 

The method of FIGS. 1 2-20 may be repeatedly perfbrmed in order to provide a 
mono-diannrterwellbore casing that indudesoveriapplng well The 

5 overiapping welU)ore casing pr^erably inchide outer annular layers of fluidic sealing 
material. Altematlveiy. the outer annular layers of fluidic sealing material may be 
ondtted. In this manner, a morK>diameter wellbore casing may l>e fonned within the 
subterranean fbmnation that extends for tens of thousands of feet More generally still, 
the teachings of FIGS. 12«20 may be used to fomi a mmo-diameter wellbore casing, a 

10 pipettne, a structural support, or a tunnel within a subterranean formation at any . 
orientation from the vertical to the horizontal. 

In a prefenred embodiment, the formation of a mono-diameter wellbore casing, 
as illustrated in FIGS. 1 2-20, is further provided as disclosed in one or more of the 
following: (1) U.S. patent application serial no. 09/454.139. attorney dodcet no. 

15 25791.03.02. filed on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, 
attomey dodcet no. 25791 J.02. filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502,350, attomey docket no. 25791 .8.02, filed on 2/10/2000, (4) U.S. patent 
applcation sertal no. 09/440,338, attomey dodcet no. 25791 .9.02, filed on 1 1/15/1999, 
(5) U.S. patent application serial no. 09/523,460, attorney dodcet no. 25791.11.02, filed 

20 on 3/1Q/2D00, (6) U.S. patent application serial no. 09/512.8%, attomey docket no. 
25791.1ZQ2, fitod on 2/24/2000, (7) U.S. patent appiicatioh serial no. 09/511,941, 
attomey docket no. 25791:16.02, flted on 2/24/2000, (8) U.S. patent application serial 
no. 09/588,046, attomey docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent 
appCcation serial no. 09/559,122, attomey dodcet no. 25791 .23.02, filed on 4/26/2000, 

25 (10) PCT patent applicatton serial no. PCT/USOO/18635. attomey dodcet no. 
25791 .25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial no. 
60/162,671. attomey docket no. 25791.27, filed on 11/1/1999, (12) U.S. provisional 
patent application serial no. 60/154,047. attomey docket no. 25791.29, filed on 
9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attomey 

30 dodcet no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent appDcation serial 
no. 60/159,039. attomey docket no. 25791.36, filed on 10/12/1999. (15) U.S. 
ppQvteional patent applk^tion serial no. 60/159,033. attom^ docket no. 25791.37, filed 
on 10/12/1999, (16) U.S. provisional patent application serial no. 60/212,359, attomey 
dodcet na 25791.38. filed on 6/19/2000. (17) U.S. provteionai patent application serial 

35 no. 60/165,228, attomey docket na 25791 .39. filed on 11/12/1999. (18) U.S. 

provistonai patent appDcatton serial no. 60/221.443, attomey docket nd. 25791.45, filed 
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on 7/28^2000, (19) U.S. providonal patent application serial no. 60/221 .645. attorney 
docket no. 25791 .46, filed on 7/26/2000, (20) U.S. provisional patent application serial 
no. 60/233.636. attorney docket no. 25791.47, filed on 9/180000, (21) U.S. provisional 
patent applicatton serial no. 60/237,334, attorney docket na 25791 .48. filed on 

5 10^^000. and (22) U.S. provisional patent application serial no. 60/262,434, attorney 
docket no. 25791.51, fBed on 1/17/2001. the dtectosures of which are Incorporated 
herein by reference. 

In several alternative emlxxliments, the apparatus 200 and 300 are used to 
torn and/or repair wellbore casings, pipelines, and/or stmctural supports. 

10 In several alternative emtxxlin^nts, the folded geometries of ttie shoes 215 and 

305 are provided in accordance wKh ttie teachings of U.S. Patent Nos. 5.425.559 
and/or 5,794.702, the di$ck>8ures of which are incorporated herein by reference. 

An apparatus for forming a vrellbore casing in a borehole boated in a 
subterranean fbnnation including a preexisting wellbore casing has been described that 

15 includes a support member including a first fluid passage, an expanskxi oone coupled 
to fha support nrmnber including a second fluU passage fliMdy coupled to the first 
fluid passage, an expandable tubular liner nrKwably coupled to Vhe Bxpanslon oone. and 
an expandable shoe coupled to ttie expandable tubular liner. In a preferred 
embodiment, the expansion oone is expandable. In a preferred embodiment, the 

20 expandable shoe Includes a valveable fluM passage for oontrollirig the fkiw of flukllc 
materials out of ttie expandable shoe. In a prefened embodtaient, ttie expandaibie 
shoe includes: an expandable portton ard a remaining portion, wherein the outer 
drcumference of ttie expandabde portton is greater ttian ttie outer drcumference of the 
remaining portton. In a prefenBd embodiment, ttie expandable portion includes: one or 

25 more inward fbkts. In a preferred embodiment, ttie expandable portion includes: one or 
more oomjgations. In a preferred embodknent ttie expandable shoe includes: one or 
more inward folds. In a preferred embodiment, ttie expandable shoe includes: one or 
more corrugations. 

A shoe has also been described ttiat includes an upper annular pc^n, m 

30 Intennediata annular portton. and a fower annular portton. wherein the Intennediate 
annular portion has an outer drcumference that is larger than ttie outer drcumferenoes 
of ttie upper and lower annular portfons. In a prehned embodiment, the lower annular 
portton indudes a valveable fluid passage fbr oontroBing ttie ftow of flutdlo materiale out 
of ttie shoe. In a preferred embodiment, ttie Intermediate portion Indudes orie or more 

35 Inward fbUs. In a preferred embodiinent. ttie Intennediata portton indudes one or nrK^ 
oorrugations. 
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A method of forming a wBtlbore casing in a subterranean fonnation having a 
preexbting weDbore casing posHibned In a borehole has also been described that 
hdudes installing a tubular Dner, an expanston oone» and a shoe in the borehole, 
radially expanding at least a portion of the shoe by injecting a fluidic material into the 

5 shoe, and radiatly expanding at least a portion of the tubular Dner by injecting a fluidic 
material into the borehole below the expansion cone. In a prefenred embodiment, the 
method further indud^radialiy expanding the expansion cone. In a preferred 
embodiment the method further includes lowering the expansion cone Into the radially 
expanded portion of the shoe, and radially expanding the expan^n oor^e. In a 

10 prefenred embodiment the method further includes radially exparKling at least a portion 
of the shoe and the tubular liner by Injecting a fluidic material into the borehole below 
the radially expanded expansion cone. In a preferred embodiment the method further 
includes injecting a hardenabie fluidic sealing material into an annulus between the 
tubular liner and the boreliole. In a preferred embodiment the method further includes 

15 radially expanding at least a portion of the preexisting welibore casing. In a preferred 
embodiment the nietttod further includes overlapping a portion of the radially 
expanded tubular liner with a portion of the preexisting weliboreca^ ina preferred 
embodiment the hside diameter of ttie redlalty expanded tubular Dner la substantially 
equal to the Inside diameter of a nonoverlapping portion of tiie preexisting weHbore 

20 casing. In a preferred embodinrient ttie nitfhodfUrttierlndudesappt^ 

to ttie mpansion cone. In a preferred embodiment ttw Inside diameter of ttie radially 
expanded shoe is greater ttian or equal to ttie inside diameter of the radially ex(»nded 
tubular liner. 

An apparatus for forming a weilbore casing in a subterranean formatton having 
25 a preexisting weilbore casing positioned in a borshcde has also been described that 
includes means for installing a tubular liner, an expansion cone, and a shoe in ttie 
borehole, means for radially expanding at least a portion of ttie shoe, and means for 
radially expanding at least a portion of ttie tubular liner. In a prefened embodiment the 
apparatus fiffther Includes means for radially expanding ttie expansion cone. In a 
30 preferred embodiment ttie apparatus further Includes means for lowering the 

expansion cone into ttte rediaRy expanded portion of ttie shoe, and means for radially 
expanding ttie expansion cone. In a prafarrM embodiment ttie apparatus further 
Inductes meaifis for injecting a fluidic material Into the borehole below the radially 
expanded expansion cone. In a preferred ernbodiment, ttie apparatus further indudes 
35 means for injecting e hardenabie fluidic seaDng material into an annulus between ttie 
tubular liner and ttie borehole. In a preferred embodiment ttie apparatus further 
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indudds means for radially expanding at least a portion of the preexisting wellbore 
casing. In a preferred embodinnent, the apparatus further includes means for 
overlapping a portion of the radially expanded tubular Dner with a portion of the 
preexisting welttxxe casing, in a preferred enrtediment the inside dianneter of the 

5 radially expanded tubiriar liner is sutistaritialV equal to the Ins^ 

nonoverlapping portion of the preexisting wellbore casing. In a preferred embodiment, 
the apparatus further indudes means for apptyhg an axial force to the expansion cone. 
In a prsfeired embodiment, the inside diameter of the radially expanded shoe is greater 
than or equal to the inskia diameter of the radkiliy expanded tubular liner 

10 An apparatus for forming a wellbore casing within a subterranean formation 

Induding a preexisting wellbore casing positioned in a tx>rehole has also been 
described that indudes a tubular liner and means for radially expanding and coupling 
the tubular liner to an overlapping portion of the preexisting wellbore casing. The 
inside diameter of the radially expanded tubular liner is substantially equal to the inside 

1 5 diameter of a non-overlapping portion of the preexisting wellbore casing. 

A wellbore casing positioned In a borehole within a subtenanean fbrmaHon has 
also been described that indudes a first wellbore casing and a second welibore casing 
coupled to and overlapping with the first welibore casing, wherein the second wellbore 
casbtg is couptod to the first welibCTO casing by the process of: installing the second 

20 wellbore casing, an expansion cone, and a shoe in the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material into the shoe, and radially 
expmding at least a portion of the second wellbore casing by injecting a fluidic material 
into the borehde below the expansion cone. In a preferred embodiment, the process 
for fbmyng the wellbore casing further includes radially expanding the expansion cone. 

25 In a prelenred embodiment, the process for forming the weillx>re casing further indudes 
lowering the expansion cone into the radially expanded portion of the shoe, and radially 
expandlnjg the expansion cone. In a preferred embodiment, the process for forming the 
wellbbrB casing further indudes rsxJially expanding at least a portion of the shoe and 
the second weUbore casing by injecting a fluidic material into the borehole below the 

30 radialty expanded expansion cone. In a preferred emt)odiment, the process for forming 
the wellbore casing further Indudes in.^ng a hardenabte fluidic sealing material Into 
an annutus between the second wellbore casing and the borehole. In a preferred 
embodiment the process for forming the wellbore casing further indudes radially 
expanding at least a portion of the first wellbore casing. In a preferred embodiment. 

35 the process for forming Ihe welibore casing further Indudes overlapping a portion of the 
radially expanded second weilbcm casing with a portion of the first welibore c In 
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a prefened embodiment, the inside diameter of the radially expanded second weltxra 
casing is sul>stantia!ly equal to the Inside diameter of a nonovertapping portion of the 
first welli)ore casing. In a preferred emtxxliment, the process for forming the well)ore 
casing further Includes applying an axial force to the expan^n oone. In a preferred 

5 emtxxftnent the inside diameter of the radially expanded shoe is greater than or equal 
to the Inside dlamet^ of the radially expanded second wellbore casing. 

. A method of forming a tubular structure In a subterranean formation having a 
preexi^ng tubular member positioned in a borehole has also t>een described that 
includes instainng a tubular liner, an expansion cone, and a shoe in the borahde. 

10 radially expanding at least a portion of the shoe by injecting a fluidic nrmterial Into the 
shoe, and radtelly expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expartsion cone. In a preferred embodiment, the 
metlKxJ further includes radially expanding the expansion cone. In a preferred 
embodiment, the method further includes lowering the expansion cone into.the radially 

15 mpanded portion of the shoe, and radlaliy expanding the expansion cone. In a 

preferred embodiment, the method farther Includes radially expanding at least a portion 
of the shoe and the tubular liner by injecting a fluidic material into the borehole below 
the radiaily expanded expansion cone. In a pr^erred emtxxliment, the method further 
includes injecting a hardenaMe fluidic sealing matertal into an annulus between the 

20 tubular liner and the borehole. In a preferred embodiment, the nriethod further includes 
radially expanding at least a portion of the preexistirig tubular member. In a preferred 
embodiment, the method further includes overtapping a portion of the radiaily 
expanded tubular liner with a portion of the preexisting tubular member. In a preferred 
embodiment, the inside diam^r of the radially expanded tubular liner is substantially 

25 equal to the inside diameter of a rionovertapping portion of the preexisting tubular 
member. In a preferred embodiment, the method further includes applying an axial 
force to the expansion cone. In a preferrBd embodiment, the Inside diameter of the 
radially expanded shoe is greater than or equal to the inside diameter of the radiaily 
expanded tubular liner. 

30 . An apparatus for forming a tubular structure in a subterranean formation having 
a preexisting tubular member positioned in a borehole has also been described that 
includes means for installing a tubular liner, an expansion cone, and a shoe in the 
borehole, rineans for radially expanding at least a portion of the shoe, and means for 
radiaily expanding at least a portion of the tubular Dner. In a preferred enrtbodiment, the 

35 apparatus further Indudesmeens for radially expanding the exparision oone. In a 
preferred embodiment, the apparatus further includes nrteans for lowering the 
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expansion cone into the radially expanded portion of the shoe, and means for radially 
expanding the expansion cone, in a prefened enAodiment the apparatus further 
includes means for injecting a fluidic material into the borehole IMow the radially 
expanded expansion oone. In a preferred embodiment the apparatus further includes 

5 means for injecting a hardenable fluUic sealing material into an annulus between the 
tubular Oner and the borehole, in a preferred embodiment, ttw apparatus further 
includes means for radially expanding at least a portion of the preexisting tubidar 
member. In'a preferred embodiment, the apparatus further includes rneans for 
overlapping a portion of the radially expanded tubular liner with a portion of the 

10 preexisting tubular member, in a prefened embodiment, the Inside dlanwter of the 
radially expanded tubular liner is substantially equal to the inside diameter of a 
nonoverlapping portion of the preexisting tubular nrtember. In a preferred embodiment, 
the apparatus further Includes means for applying an axial force to the expansion cone. 
In a preferred embodiment, the Inside diam^r of the radially expanded shoe is greater 

15 than or equal to the in^e diameter of the radially expanded tubular iher. 

An apparatus for fonning a tubular stmdure within a subtenanean fbnnalion 
including a preexisting tubular member positioned in a borehole hs» also been 
described that includes a tubular liner and means for radially expanding and ooupDng 
the tubular liner to an overlapping portion of the preexisting tubular member. The 

20 inside diarneter of the radially expended tubular liner is substantially equal b the inside 
diarneter of a non-overtapping portion of the preexistirlg tubu^^ 

A tubular structure positioned in a bor^ole within a subtenanean fonration has 
also been described that includes a first tubular member and a second tubular member 
coupled to and overlapping with the first tubular member, wherein ttie second tubular 

25 member Is coupled to the first tubular member by ttte process of: installing the second 
tubular member, an expansion cone, and a shoe In flie borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material into the shoe, and radially 
expanding at least a portion of Uie second tubular member by Irijeding a fluidic material 
into the borehole below the expansion cone. In a preferred enribodiment, tiie process 

30 for forming the tubular structure furtiier includes radially expanding tiie expansion cone. 
In a prefened embodiment, the process for fonning the tubutar structure further 
includes lowering ttie expansion cone Into tiie radially expanded portion of tiie shoe, 
and radially expanding the expansion cone. In a preferred embodiment, ttie process 
for forming the tubular structure further includes radially expanding at least a portion of 

35 . ttie shoe and the second tubular nnember by Injecting a fluidic material into ttie 

borehole below the rediaUy expanded expandon cone. In a preferred embodiment, ttie 



28 



process for forming the tubular structure further includes Irijecting a hardenabie fluidic 
sealing material Into an annulus between the second tubular member and the borehole. 
In a preferred embodiment the prMess for forming the tubular structure further 
includes radially expsmdlng at least a portion of the first tubular member. In a preferred 

5 embodiment the process for fbnning the tubular structure further includes overlapping 
a portion of the radially expanded second tubular member with a portion of the first 
tubular member. In a prefemBd embodiment the inside diameter of the radially 
expanded second tubular member is substantially equal to the inside diameter of a 
nonoveriapping portion of the first tubular number. In a preferred embodiment the 

10 process for forming the tubular structure further includes applying an axial force to the 
expansion cone. In a preferred embodiment* the inside diameter of the radially 
expanded shoe is greater than or equal to the inside diameter of the radially expanded 
second tubular member. 

Although Illustrative embodiments of the Invention have been shown and 

15 described, a wide range (rf modlflcatlon, changes and substitution is contemplated in 
the foregoing disclosure, in some Instances, some features of the present invention 
nrmy be ernployed without a cmsponding use of the other featunas^ Aooordlngly, it is 
appropriate that the appended daims be construed broadly and in a rhanner consistent 
with the scope of the invention. 
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1. An apparatus for forming a wdlbore casing viMhh 

including a preexisting welibore casing positioned in a l)orehole, comprising: 
5 a tubular linen and 

nieans for radially expanding and ooupfing the tubular liner to an overiapping 
portion of the preexisting wellbore casing; 

wherein the inside dteimeter of the radially expanded tubular liner is equal to the 
inside diameter of a non*overtapping portion of the preexisting weilbore casing. 

10 

2. An apparatus for forming a tubular structure within a subterranean fomiation 
including a preexisting tut>ular member positioned in a t>orehole» comprising: 

a tubular liner, and 
means for radially expanding and coupling the tid>ular liner to an overlapping 
15 portion of the preexisting tubular nrienrd>er; 

wherein the Inside diameter of \ha radially expanded tubular liner is equal to the 
inside diameter of a non-overlapping portion of ttie preexisOng tubular member 
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Claims 

1 . An apparatus for forming a wellbore casing in a borehole located In a 
subtsrranean fomiation Including a preexisting welil)ore casing, comprising: 

5 a support memt>er including a first fluid passage; 

an expansion cone coupled to the support memt)er including a second fluid 

passage fluididy coupled to the first fluid passage; 
an expandable tubular iineir movably coufried to the expansion cone; and 
an expandable shoe coupled to the expandable tubular liner. 

10 

2. The apparatus of dairh 1 , wherein the expansion cone is expandable. 

3. The apparatus oT daim 1 , wherein the expandable shoe includes a vatveaUe fluid 
passage for contrDlling the flow of fluldic materials out of the expandable shoe. 

15 

4. The apparatus of daim 1 . whersin the expandable shoe indudes: 
an expandable portion; and 

a remaining portion coupled to the expandable portion; 
wherein the outer drcumferenoe of the expandable portion is grsater than the 
20 outer drcumferenoe of the remaining portion. 

5. The apparatus of claim 4, wherein the expandable portion indudes: 
one or more inward folds. 

25 6. The apparatusof daim 4. wherein the expandable portion includes: 
one or more oorrugations. 

7. The apparatus of daim 1 . wherein the expandable shoe indudes: 
one or more Inward folds. 

30 

8. The apparatus cf daim 1 . wherein the expandable shoe Indudes: 
one or more corrugations. 

9. A shoe, oomprtsing: 

35 an upper annular portion; 

an iritermedlata annular portion coupled to the upper annular portion; and 
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a tower annular portion coupled to the Mermediate portion; 

wherein the Intermediate annular portion has an outer drcumferenoe that Is 

larger than the outer drcumrwenoes (rf the upper and lower annular 

portions. 

5 

10. The shoe of daim 9, wherein the lower annular portion indudes a valveabie fluid 
passage for controlling the flow of fiuidic materials out of the shoe. 

1 1 . The shoe of daim 9, wherein the Intemnedlate portion indudes: 
10 one or more inward folds. 

1 2. The shoe of daim 9, wherein the intermediate portion indudes: 
one or more corrugations. 

15 13. A method of ftmning a wellbore casein a subterranean form 
preexisting wem)ore casing positioned in a Ixx^^ 

Installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by inJecUng a fiuidic material 
into the shoe; and 

20 radially expanding at least a portion of the tubular rmer by Injecting a fl^^^ 

material Into the borehole below the expansion cone. 

14. The method of daim 1 3, further comprising: 
radially expanding the e^cpansim cone. 

25 

15. The method of daim 13, further comprising: 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

30 16. The method ofdaim 15, further compri^g: 

radially expanding at least a portion of.the shoe and the tubular liner by injecting 
a fiuidic materfail Into the borehde below the radially expanded 
expansion cone. 



35 17. 



The method of daim 13, further comprising: 
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injecting a hardenabte fluidic sealing material into an annulus between the 
tubular liner and the borehole. 

18. The method of daim 13, further comprising: 

5 radially expmding at least a portion of the preexisting wellbore casing. 

1 9. The method of dalm 1 8. further comprising: 

overlapping a portion of the radially expanded tubular lirier with a portion of the 
preexisting weilbore casing. 

10 

20. The method of dalm 19. wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to or greater than the Inside diameter of a 
nonovertapping portion of the preexistbig weilbore casing. 

15 21. The niethodofdaim 18, further oonqMlsIng: 
applying an axid force to the expansion cone. 

22. The method of dalm 13. wherein the b^e diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 

20 expanded tubular Rner. 

23. An apparatus for forming a weilbore casing in a subtenanean formation having a 
preexisting weilbore casing positioned in a borehole, comprising: 

means for Installing a tubular Bner, an expansion cone, and a shoe in the 
25 borehole; 

means for radially epcpanding at least a portion of the shoe by Injecting a fluidic 

material into the shoe; and 
means for radially expanding at least a portion of the tubular liner by injectir^g a 
fluidic materfal into the bwehole below the expansion oone. 

30 

24. The apparatus of ddm 23, further comprising: 
means for radially expanding the expansion oone. 
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25. 



The apparatus of daim 23, further comprtsing: 

means for lowering the expansion cone Into the radially expanded portion of the 
shoe; and 
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10 



means for radially expanding the expansion oone. 

26. The apparahe of datm 25, further comprising: 

means for injecting a fluidic material into the borehole bekm the radially 
expanded expansion oone. 

27. The apparatus of daim 23. further comprising: 

means for injecting a hardenabte fluidic sealing material into an annulus 
between the tubular liner and the borehole. 

28. The apparatus of dalm 23. further comprising: 

means for radially expanding at least a portion of the preexisting wellbore 
casing. 



15 29. The apparatus of daim 28, further comprising: 

means for overiapping a portion of the radially expanded tubular liner wHh a 
portion of the preexisting wellbore casing. 

30. The apparatus of dahm 20, wherein the inside diameter of the radially expanded 
20 tubular liner Is substantially equal to the inside diameter of a nonovertapping portion of 

the preeadsting wellbore casing. 

31 . The apparatus of daim 28, further comprising: 

means for applying an axtol force to the expansion cone. 

25 

3Z The apparatus of daim 23, wherein the inside diameter of the radially expanded 
shoe Is greater than or substentialiy equal to the inside diameter of the radially 
expanded tubular Iher. 

30 33. An apparatus for forming a wellbore casing within a subtenanean fonnation 
tnduding a preexisting wellbore casing posHtoned In a borehole, oompreing: 
a tubular liner, and 

means for radially expanding and coupling the tubuter liner to an overlapping 
portion of the preexisting weribore casing; 
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wherein the Inside dteuneter of the radially expanded tubular liner 

sut)stantialiy equal to the inside diameter oT a nonK}verlapping portion of 
the preesdsting wallbora casing. 

5 34. A wellt)orB casing positioned in a borehole within a subtenanean formation, 
comprising: 

a first wellbore casing; and 

a second wellbore casing coupled to and overlapping with the first wellbore 

casing; 

10 wherein the second wellbore casing Is coupled to the first wellbore casing by 

the process of: 

installing the second wellbore casing, an expansion cone, and a shoe in 
the borehole: 

radially e)q>anding at least a portion of the shoe by Injecting a fluidic 
15 material into the shoe; and 

radially expanding at least a portion of the second wellbore casing by 

irqecUng a fluidic material into the borehole below the expansion 

cone. 

20 35. The weUbore casing of daim 34, wherein the prcwess further comprises: 
radially expanding the expansion cone. 

36. The wellbors casing of daim 34, wherein the process further comprises: 
lowering the expanston cone into the radially expanded portion of the shoe; and 

25 radially expanding the expansion cone. 

37. The wellbore casing of daim 36, wher^ the process further comprises: 
radially expanding at least a portion of the shoe and the second wellbore casing 

by injecting a fluidic material into the borehole below the radially 
30 expanded expansion cone. 

38. The welibore casing of daim 34. wherein the prxess further comprises: 
injecting a hardenable fluUlc sealing matericd into an annulus between the 

second wellbore cadng and the borehole. 

35 

39. The wellbore casing of daim 34. wherein the process further comprises: 
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radtalty expanding at least a portion of the first wellbore casing. 

40. The weDbore casing of daim 39, wherein the process further comprfses: 

overlapping a portion of the radially expanded second wellbore casing with a 
portion of the first weBbore casing. 

41 . The wellbors casing of daim 40, wherein the inside diameter of the radially 
expanded second weDbors casing is substanttalty equal to the inside diameter of a 
nonoverlapping portion of the first welltx)re (^ing. 

42. The wellbore casing of daim 39. wherein the process further comprises: 
applying an axial force to the expansion cone. 

43. The welltx)re casing cf daim 34, wherein the inside diameter of the radially 
expanded shoe is grsater than or sulistantiaily equal to the Inside diameter of the 
radially expanded second welltaore casing. 

44. A method of fbmiing a tubular structure in a subterranean formation having a 
preexisting tubular member positioned In a borehole, comprising: 

Installing a tubular liner, an expansion cone, and a shoe In the borehole; 
radially expanding at least a portion of the shoe by Meeting a fluidic material 
into the shoe; and 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehde below the expansion cone. 

45. The method of daim 44. further comprising: 
radiaOy expanding the expansion cone. 

46. The method of daim 44, further comprising: 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

47. The method of ddm 46. further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by irtfecting 
a Huicfic material into the bwehole below the radially expanded 
expansion cone. 
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48. The method of daim 44, further obmprising: 
irijecUng a harderiable flutdic sealirig inalenal 

tubular liner and the borehde. 

5 

49. The method of daim 44, further comprising: 

radially expanding at least a portion of the preexisting tutMJlar memt)er. 

50. The method of daim 49, further oompiising: 

10 overlapping a portion of the radiaily expanded tubular liner with a portion of the 

preexisting tubular member to provide a load bearing interffiace and a 
fluidcseai. 

51 . The method of daim 50, wherein the inside dianneter of the radiaily expanded 
15 tubular liner is substantiaBy equal to the inside diameter of a. nonovertappbtg portion of 

the preexisting tubular member. 

52* The method of daim 4g. further comprising: 
applying an axial force to the expansion cone. 

20 

53. The method of daim 44, wherein the inside diameter of the radially expanded 
shoe is greater than or substantialiy equal to the inside diameter of the radially 
expanded tubular liner. 

25 54. An apparatus for fonning a tut>ular structure in a subten^nean formation having a 
preexisting tubular member positioned In a borehole, oomprising: 

means for Installhg a tubular liner, an expansion cone, and a shoe in the 
borehde; 

means for radialiyexpandirig at least a portion of the shoe; and 
30 rneans for radially expanding at least a portion of the tubular liner. 

55. The apparatus of daim 54, further oonrtprising: 
means for radlsdly expanding the expansion oone. 



35 56. The apparatus of daim 54. further oomprtsing: 
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means for lowering thd expansion oone into the radially expanded portion of the 
shoe: and 

means for radially expanding the expan^n oone. 

5 57. The apparatus of daim 56, further comprising: 

means for injecting a fluidic material into the laorehole t>elow the radially 
expanded expansion cone. 

58. The apparatus of daim 54, further comprising: 

10 means for injecting a hard6nat)ie fluidic sealing material into an annulus 

between the bJbular liner and the borehole. 

59. The apparatus of daim 54, further comprising: 

means for radially expanding at least a portion of the preexisting tubular 
15 member. 

60. The apparatus of claim 59. further comprising: 

means for overtapplng a portion of the radially expanded tubular liner with a 
portion of the preexisting tubular member to provide a load bearing 
20 interface and a fluidic seal. 

61 . The apparatus of daim 60, wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to the inside diameter of a nonoveriapping portion of 
the preexisting tubular member. 

25 

62. The apparatus of daim 59, further comprising: 

means for applying an axial force to the expansion cone. 

63. The apparatus of daim 54, wherein the Inside diameter of the radially expanded 
30 shoe is greater than or substantialiy equal to the hside diameter of the radlaOy 

expanded tubular liner. 



64. An apparatus for forming a tubular stnidura within a subterranean fbrmatton 
Induding a preexisting tubular member positioned in a borehoto. comprising: 
a tubular liner; and 
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means for radially expandlrYg and qoupling the tubular Oner to an overlapping 

portion of the preexisting tubular member, 
wlierein the inside diameter of the radially expanded tubular liner is 

substantialty equal to the inside diameter of a norhovertappbig portion of 
5 the preexisting tubular member. 

65. A tubular stnicture positioned in a borehole within a subterranean fbnration, 
comprising: 

a first tubular men^, and * 
10 a second tubular member coupled to and overlapping with the first tubular 

member; 

wherein the second tubular member is coupled to the first tubular member by 
Iheprxessof: 

installing the second tubular member, ah expansion cone, and a shoe in 
15 theboTBhole; 

radially expanding at least a portion of the shoe by injecting a fluldic 

material into the shoe; and 
radially expanding at least a portion of the second tubular nwnber by 
injecting a fluldic material into the borehole below the expansion 
20 cone. 

66. The tubular structure of daim 65, wherein the process further comprises: 

radially expanding the expansion oone. 

25 67. The tubular stnjcture of dalm 65, wherein the process further comprtees: 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion oone. 

68. The tubular stnidurs of daim 67, wherein the process further comprises: 
30 . radially expanding at least a portion of the shoe and the second tubular member 
by Injecting a fluldic material into the borehole below the radially 
expanded expansion cone. 
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69. 



The tubular stmcturs of daim 65, wherein the process further comprises: 
injecting a hardenabie fluldic sealing material Into an annulus between the 
second tubular member and the borehole. 
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70. The tubular structure of dalm 65, wherein the process further comprises: 
. radially exparidirig at least a portion ol the first tubular menn 

5 71 . The tubular structure of daim 70. wherein the process further comprises: 

overlapping a portion of the radially expanded second tubular member with a 
portion of the firet tubular member. 

72. The tubular stnjcture of daim 71 . wherein the inside diameter of the racflally 
10 expanded second tubular member is substantially equal to the inside diameter of a 

nonovertapping portion of the first tubular member. 

73. The tubular strudure of daim 70, wherein the process further conripri^ 

applying an axial fbfce to the expansion cone. 

15 

74. The tubular structure of dalm 65. wherein the Inside diameter of the radiaBy 
expanded shoe is greater than or substanUally equal to the inside diameter of the 
radially exparKled second tubular member. 

20 75. An apparatus for forming a weDtiore casing in a borehole located in a 
subterranean formation indudmg a preexisting weHbore casing, comprising: 
a support member indudtng e first fluid passage; 
an expandable expansion cone coupled to the support member induding a 
second fluid passage fluididy coupled to the first fluid passage; 
25 an expandable tubular liner rrxivably coupled to the expansion cone; and 

an expandable shoe coupled to the expandat)(e tubular liner comprising: 

a valveable fluid passage for contrdiing the flow of fluidic materials out 

of the expandable shoe; 
an expandat>le portion induding one or more inward folds; and 
30 a remaining portion coupled to the expandable portion; 

wherein the outer drcumference of the expandable portion Is greater 
than the outer drcumference of the remaining portion. 

76. A shoe, comprising: 
35 an upper annular portion; 
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an intermediate annular portion ooupled to the upper amular portion including 

one or more inward folds; and 
a lower annular portion coupled to the intermediate portion irH:luding a 

valveable fluid passage for oontrolling the flaw of fluidic materials out of 
5 the shoe; 

wherein the Intermediate annular portion has an outer drcumferenoe that is 

larger than the outer dnximferenoes of the upper and lower annular 

portions. 

10 77. A method of fbmiing a wellbore casing in a subterranean ft»mation having a 
prBe)dsting wellboris casing positioned in a borehole, comprising: 

installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fiuldic material 
into the shoe; 

15 lowering the expansion cone Into the radially expanded portion of the shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the tubular Rner by injeding e fluidic 
material into the borehole below the expansion cme; and 

overlapping a p<»tlon of the radially expanded tubular liner with a portion of the 
20 preexisting wellbore casing; 

wherein me inside diameter of the radially expanded shoe is greater than or 
substantially equal to the inside diameter of the radially expanded 
tubular liner, and 

wherein the inside diameter of the radially expanded tubular liner is 
25 substantially equal to or greater than the inside diameter of a nohoverlapping 

portion of the preexisting wellbore casing. 

78. An apparatus for forming a wellbore casing in a subterranean fonnaUon having a 
preexisting wellbore casing positioned in a borehole, comprising: 
30 means for Installing a tubular liner, an expansion cone, and a shoe in the 

borehole; 

means for radlaOy expanding at least a portion of the shoe by ir^ectln^ 

maiterial Into the shoe; 
means for lowering the expansion cone into the radially expanded portion of the 
35 shoe; 

means for radially expanding the expansion cone; 
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means for radially wpanding at least a portion of the tubular liner by Injecting a 
fluidic material into the borehole belo^ the radially expanded expansion 
oone; 

means for radlaOy expanding at least a portion of the preexisting wellbore 
casing;and 

means for overlapping a portion of the radicrily expanded tubular liner with a 

portion of the preexisting wellbora casing; 
wherein the inside dlan^r of the radiaDy expanded shoe is greater than or 

substantiaily equal to the inside diameter of the radially expanded 

tubular linen and 
wherein the Inside diameter of the radially expanded tubular Bner is 

substantially equal to the inside diameter of a nonoverlapping portion of 

the preexisting wellbore casing. 

79. A wellbore casing positioned in a borehole within a subterranean formation, 
comprising: 

a first wellbore caalnq; and 

a second wellbore casing coupled to and overlapping with the first wellbore 
casing; 

wherein the second wellbore casing is coupled to the first wellbore casing by 
the process of : 

Installing the second wellbore cesing, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by Ir^ecUng a fluidic 

material into the shoe; 
lowering the expansion cone into the radially expanded portion of the 

shoe; 

radiaily expanding the expansion cone; 

radially expanding at least a portion of the second wellbore casing by 
injecting a fluidic material into the borehole bekaw the radially 
expanded expansion cone; and 

overiapping a portion of the radiaily expanded second wellbore casing 
with a portion of the first Wellbora casing; 
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wherein the inside dianieter of the radially expanded shoe is greater 
than or sut>stantially equal to the inside diameter of the radially 
expanded second welllxm casing; and 

wherein the ir^e diameter of the radially mpanded second wellbore 
casing is substantially equal to the inside diameter of a 
nonoverlapping portion of the first wellbore casing. 

80. A method df fonnlng a tubular structure in a subterranean formation having a 
preexisting tubular member posiUpned in a borehole, cbmprteing: 

installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; 

lowering the expansion obne Into the radisdiy expanded portion of the shoe; 
radially expanding the expansion cone; 

radially expanding at least a portion of the tubular Bner by Injecting a fluidic 
material into ttie borehole below the iadially expanded expansion oone; 
and 

overlapping a portion of the radially expanded tubular Bner with a portion of the 
pree}d8tlng tubular member to provide a load bearing interface and a 
fluidic seal; 

wherein the inside diameter of the radially expanded shoe is greater than or 

substanttally equal to the inade diameter of the radially expanded 

tubular linen and 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a nonoverlapping portion of 

the preexisting tubular member. 

81 . An apparatus for forming a tubular stnjcture in a subterranean formation having a 
preexisting tubular member positioned In a borehole, comprising: 

means tor installing a tubular liner, an expansion oone. and a shoe in the. 
. borehole; 

means for radially expanding at least a portion of the shoe; 
means for lowering the expansion oone Into ttie radially expanded portion of the 
shoe; 

means for radially expanding the expansion cone; 

means for radially mpanding at least a portion of ttie tubular linen and 



means for overlapping a portion of the radially expanded tubular liner with a 
portion of the preexisting tubular member to provide a load bearing 
Interface and a fiuldic seal; 

wherein the inside diameter of the radially expanded shoe is greater than or 
5 sub^antially equal to the Inside diameter of the radially expanded 

tubular liner; and 

wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a nonoverlapping portion of 
the preexisting tubular nriember 

10 

82. A tubular statdure positioned In a borehole within a subterranean fbnmation, 
comprising: 

a f^ tubular member, and 

a second tubular rnemtier . coupled to and overtopping ¥vith the firat tubute^ 
15 member; . . 

wherein the second tiAular member is coupled to the first tubular member by 
the process of: 

installing the second titular member, an expansion cone, and a shoe in 
theborehote; 

20 radially expanding at least a portion of tiie shoe by injecting a fluldlc 

material into tiie shoe; < 
lowering the expansion cone into the radially expanded portion of the 
shoe; 

radially expanding the expansion cone; 
25 ' radially expanding at least a portion of the second tubular member by 

Injecting a fluidic material into ttie borehole below the radially 
expanded expansion cone; and 
overlapping a portion of the radially expanded second tubular member 
witii a portton of the first tubular member; 
30 wherein the inside diameter of the radially mpanded shoe is greater 

than or sukistantially equal to the inside diameter of the radially 
expanded second tubuter member; and 
wherein the inside diameter of the radially expanded second tubular 
nriember la substantially equal to the Inside diarrteter of a 
35 nonoverlapping portion off the first tubular member. 
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